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d i f f e ren t  molecular s i z e  and d i f f e r e n t  photochemical reac t iv i ty . -  To meet t h i s  ne 
the Bureau is developing a gas chromatographic (GLC) method as  a p a r t  of  i ts  s tudie  
of environmental contamination from motor gasol ine combustion. 

I 

Ear l i e r  Work resu l ted  i n  a chromatographic method with adequate s e n s i t i v i t y  ai 
I n t e r p r e t a t i o n  of t he  chromatographic spectra  w: acceptably shor t  a n a l y s i s  timezl. 
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EXPERIMENTAL PROCEDURES 1 
The objec t ive  of t h i s  s tudy was t o  explore the  use of chromatographic-colm 

r a t i o s  and igni t ion-t iming condi t ions because, i n  our  opinion, d i f fe rences  in the  

i d e n t i t i e s  i n  chromatograms o f  exhaust samples obtained from a var ie ty  of engine 

retent ion times f o r  i d e n t i f y i n g  component peaks. With adequate r e t e n t i o n  time 
r epea tab i l i t yz l ,  t he  success of t h i s  peak-ident i f icat ion method depends only on 

a chronatogram of exhaust emissions is ' indeed constant ,  a t  l e a s t  among exhaust s 

confirm or re fu te  t h a t  evidence. 

ambient temperatures were included i n  t h i s  study. 

* Present address,  Post Off ice  Box 374, Decatur, Miss., 39327; formerly with the  
Bar t l e sv i l l e  Energy Research Center. / 
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A 1968 Val iant ,  equipped with a 6-cylinder, 225-CID engine, was operated f o l -  

lowing t h e  7-mode Cal i fornia  cycle  on a chassis  dynamometer under four  sets of  engine 

VSA; and lean ,  without VSA. 
f 01 lows : 

, condi t ions :  Rich, with vacuum spark advance (VSA); r ich ,  without  VSA; lean, with 
Compositions of the  t h r e e  experimental f u e l s  were as 

b 

Fue 1 Component level .  volume % 
No. Satura tes  Olef ins  Aromatics 

1 66.0 15.1 18.9 

1 2 60.7 10.2 29.1 

3 53.1 1.9 45.0 

Four automobiles, a 1968 Delta 88 (455 C I D ) ,  a 1968 Fury I (318 CID), a 1968 
Impala (307 CID), and a 1968 Galaxie (302 C I D ) ,  were operated i d e n t i c a l l y  as 
described f o r  the  Val iant  automobile. 
No. 4, a t  ambient temperatures of 70° and 95" F. The composition of f u e l  No.  4 
was: Sa tura tes ,  41.8%; o l e f i n s ,  12.4%; aromatics, 45.8%. 

A l l  four  cars  were operated wi th  t h e  f u e l  

A l l  f u e l  and exhaust samples were co l lec ted  and analyzed by the  rout ine  methods 
of t h i s  1aboratoryLf. 
by a s u b t r a c t i v e  column technique?/, and from r e t e n t i o n  t i m e  and component s t a b i l i t y  
data.  Subtract ive agents  used were mercuric s u l f a t e ,  s e n s i t i v e  t o  unsaturated 
a l ipha t ics ,  and palladium s u l f a t e ,  s e n s i t i v e  t o  aromatics. Exhaust was analyzed 
chromatographically before and a f t e r  passing through the  s u b t r a c t i v e  columns. 
each peak i n  the chromatogram from t h e  untreated exhaust was i d e n t i f i e d  as  a hydro- 
carbon type (paraf f in ,  a l i p h a t i c  unsaturate ,  aromatic) o r ,  i f  a mixture of hydro- 
carbons, the composition of t h a t  mixture w a s  descr ibed.  Also, exhaust samples were 
allowed t o  s tand i n  t h e  dark and under s o l a r  i r r a d i a t i o n ,  and component losses were 
neasured. From these component-loss d a t a ,  peaks represent ing components t h a t  a r e  
thermally and photochemically reac t ive  w e r e  i d e n t i f i e d .  

Peaks i n  t h e  r e s u l t a n t  chromatographic spec t ra  were i d e n t i f i e d  

Thus, 

Because the  i d e n t i f i c a t i o n  of peaks was based mainly on t h e  s u b t r a c t i v e  column 
l a t a  and because the performance of t h e  s u b t r a c t i v e  agents  w a s  quest ionable ,  syn- 
t h e t i c  mixtures of paraf f ins ,  o l e f i n s ,  and aromatics of varying s t r u c t u r e  and 
bolecular s i z e  were prepared and used t o  evaluate  the  performance of  t h e  subt rac t ive  
~olumns.  

RESULTS AND DISCUSSION 

Resul ts  from measurements of e f f ic iency  of the  s u b t r a c t i v e  columns showed two 
anomalies i n  the function of the mercuric s u l f a t e  column. F i r s t ,  contrary t o  
expectations, c e r t a i n  o l e f i n s  were not  removed q u a n t i t a t i v e l y  by the  column. 
new peaks appeared i n  t h e  chromatograms of column-treated samples. 
gation of these new peaks by mass spectrometry revealed that they represented 3- 
nethyl-2-butanone and 3-methyl-Z-pentanoney formed from reac t ion  of the  s u b t r a c t i v e  
agent with 2-methyl-2-butene and 3-methyl-trans-2-penteneY respec t ive ly .  
s u l f a t e ,  therefore ,  i s  inadequate a s  a subt rac t ive  agent f o r  c e r t a i n  hydrocarbons, 
but cur ren t  da ta  do not  permit l inking t h i s  inadequacy t o  a s p e c i f i c  class o r  
c lasses  of exhaust components. 
i d e n t i f i c a t i o n ,  and da ta  were analyzed carefu l ly  t o  obta in  peak i d e n t i t i e s  l e a s t  
affected by the  def ic ienc ies  of the subt rac t ive  column. 

Second, 
Fur ther  i n v e s t i -  

Mercury 

The problem was considered i n  subsequent work i n  peak 

Resul ts  from the peak-ident i f icat ion study general ly  v e r i f i e d  the e a r l i e r  obser- 
vation t h a t  composition of material represented by each peak i n  exhaust chromatograms 
is near ly  constant among a l l  t h e  chromatograms of exhaust from d i f f e r e n t  engines but 
the same f u e l .  Results were as follows: 
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I n  the t e s t s  with three  fue l s  and one engine operated under var ied conditions, 

each exhaust chromatogram contained about 165 peaks of which 135 t o  145 represented 
e i t h e r  ind iv idua l  components o r  mixtures of components of similar type. The remain 
20 to 30 peaks represented mixtures of d i f f e r e n t  type components, such a s  paraffing 
with o le f ins  o r  w i t h  aromatics.  When the  chromatographed exhaust samples or iginatq 
from d i f f e ren t  f u e l s ,  the  composition of t he  mater ia l  represented by each peak v a r i  
s ign i f i can t ly  from chromatogram to  chromatogram. 
obtained under var ied engine condi t ions but wi th  t h e  same fue l ,  v a r i a t i o n  i n  within 
peak composition was much smaller  and comparable t o  the  v a r i a t i o n  caused by experi-  
mental e r r o r .  The magnitude of t h i s  v a r i a t i o n  i n  within-peak composition i s  bes t  
evaluated from i t s  e f f e c t  upon the  chromatographic ana lys i s ,  as i l l u s t r a t e d  next. 

4 When the  exhaust samples were 

I n  emission s tud ie s ,  chromatographic analyses  a re  comnonly used t o  compute th  
This computat r eac t iv i ty  or p o l l u t i o n  p o t e n t i a l  of exhaust hydrocarbon emissions. 

follows Jackson's equation41 

R = C X i  ri 

where R designates  r e a c t i v i t y  of the  exhaust hydrocarbon mixture,  and Xi and ri 
a r e  mole f r ac t ions  and s p e c i f i c  r e a c t i v i t i e s ,  respec t ive ly ,  of i t h  component. By 
u5e of mole f r ac t ion  values  f o r  a t yp ica l  exhaust and published values f o r  s p e c i f i  
rate-of-NO2-formation r e a c t i v i t i e s & /  , the  v a r i a t i o n  i n  within-peak composition 
observed i n  these tests was ca lcu la ted  t o  cause maximum v a r i a t i o n  i n  exhaust 
r eac t iv i ty  value equivalent  to  f 2.3%, f 1.8%, and f 1.7% fo r  fue l s  1, 2, and 3, 
respect ively . 

Similar r e s u l t s  were obtained from the  tests using four  engines and fue l  No. 
Variation i n  within-peak composition among the  exhaust chromatograms w a s  equivalen 
t o  a f 2.0% v a r i a t i o n  i n  exhaust r eac t iv i ty  value. 

Part of any observed v a r i a t i o n  i n  within-peak composttion i s  caused by experi  
mental e r ro r .  Thus, f o r  any two chromatograms from r e p l i c a t e  tests, the range of 
within-peak compositions was a s  much as about one-half of t h a t  obsenred among chro 
ograms from a l l  tests. Therefore,  t r u e  v a r i a t i o n  i n  within-peak composition shoul 
a f f e c t  calculated r e a c t i v i t y  values by no more than about f 1%, which is considere 
unimportant. 

These r e s u l t s  i n d i c a t e  t h a t  i n  chromatograms of exhaust from d i f f e ren t  engin 
but the same fue l ,  each peak represents  near ly  the same component o r  component 
mixture. This s i m p l i f i e s  spec t ra  i n t e r p r e t a t i o n  because exhaust. peaks must be 
iden t i f i ed  only once f o r  each parent fue l .  
can be used t o  i n t e r p r e t  chromatographic spec t ra  of a l l  exhaust samples from t h a t  
fue l .  
by the  Bureau of  Mines;?/. 

These peak i d e n t i t i e s ,  consequently, 

This method of i n t e r p r e t i n g  chromatographic spec t ra  i s  now used rout inely 

The work upon which t h i s  repor t  is  based was done under a cooperative agreeme 
between the Bureau of Mines, U. S:Department of t he  I n t e r i o r ,  and the,Bureau of 
A i r  Pol lut ion Sciences,  Environmental Protect ion Agency. 
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